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590The effect of surgeon specialization on outcomes
after ruptured abdominal aortic aneurysm repair
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Nathanael D. Hevelone, MPH,a and Louis L. Nguyen, MD, MBA, MPH,a,b Boston, Mass
Objective: Although mortality after elective abdominal aortic aneurysm (AAA) repair has steadily declined, operative
mortality for a ruptured AAA (rAAA) remains high. Repair of rAAA at hospitals with a higher elective aneurysm
workload has been associated with lower mortality rates irrespective of the mode of treatment. This study sought to
determine the association between surgeon specialization and outcomes after rAAA repair.
Methods: The American College of Surgeons National Surgical Quality Improvement Project database from 2005 to 2010
was used to examine the 30-day mortality and morbidity outcomes of patients undergoing rAAA repair by vascular and
general surgeons. Multivariable logistic regression analysis was performed for each death and morbidity, adjusting for all
independently predictive preoperative risk factors. Survival curves were compared using the log-rank test.
Results:We identiﬁed 1893 repairs of rAAAs, of which 1767 (96.1%) were performed by vascular surgeons and 72 (3.9%)
were performed by general surgeons. There were no signiﬁcant differences between patients operated on by general vs
vascular surgeons in preoperative risk factors or method of repair. Overall 30-day mortality was 34.3% (649 of 1893).
After risk adjustment, mortality was signiﬁcantly lower in the vascular surgery group compared with the general surgery
group (odds ratio [OR], 0.51; 95% conﬁdence interval [CI], 0.30-0.86; P[ .011). The risk of returning to the operating
room (OR, 0.58; 95% CI, 0.35-0.97; P [ .038), renal failure (OR, 0.54; 95% CI, 0.31-0.95; P [ .034), and a cardiac
complication (OR, 0.53; 95% CI, 0.28-0.99; P [ .047) were all signiﬁcantly less in the vascular surgery group.
Conclusions:Despite similar preoperative risk factors proﬁles, patients who were operated on by vascular surgeons had lower
mortality, less frequent returns to the operating room, and decreased incidences of postoperative renal failure and cardiac
events. These data add weight to the case for further centralization of vascular services. (J Vasc Surg 2014;60:590-6.)Although mortality of elective abdominal aortic aneu-
rysm (AAA) repair has steadily declined to a rate of <5%,
operative mortality for a ruptured AAA (rAAA) remains at
w33.7% to 49.8%.1-4 Death within the immediate postop-
erative period is usually the result of hypovolemic, hemor-
rhagic shock, whereas later mortality is often due to
systemic inﬂammatory response and multisystem organ
failure, even after a technically successful aneurysm repair.5
A number of changes have been proposed to decrease
the mortality of rAAA repair. The advent of endovascular
options for AAA repair (EVAR) has led to its adoption
for rAAA as well.6 Nationally, repair of rAAA by EVAR
compared with open surgical repair (OSR) was associatedthe Center for Surgery and Public Health, Brigham & Women’s
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://dx.doi.org/10.1016/j.jvs.2014.03.283with lower morbidity and mortality.2,7 But evidence of sur-
vival beneﬁt with EVAR at the regional level is conﬂicting
and was associated with greater costs.8,9
In both the United States (U.S.) and in England, repair
of rAAA at hospitals with a higher elective aneurysm work-
load was associated with lower mortality rates irrespective
of the mode of treatment.10,11 These relationships suggest
that vascular surgical procedures might be best placed
within a centralized model of care to increase volume and
thereby attain best outcomes.12
This study examined the American College of Sur-
geons (ACS) National Surgical Quality Improvement Proj-
ect (NSQIP) database to determine the 30-day mortality
and morbidity outcomes of patients undergoing emer-
gency rAAA repair by vascular and general surgeons.
NSQIP was developed as a prospective quality-assessment
tool for general and vascular surgical outcomes and is
representative of community as well as academic medical
centers.13 We hypothesized that vascular surgeons would
have improved outcomes after emergency rAAA repair
compared with general surgeons.
METHODS
This study was reviewed and approved by the Partners
Institutional Review Board (Protocol 2012P001667).
Case identiﬁcation. The ACS NSQIP is a national,
multi-institutional, prospectively collected database desi-
gned for quality control for its participating institutions.
In 2010, it collected information from >200 U.S. hospi-
tals. Clinical nurse reviewers collect a comprehensive array
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postoperative outcomes.13
The Participant Use Data Files were queried for
vascular surgery cases from 2005 to 2010. Patients were
identiﬁed by postoperative International Classiﬁcation of
Diseases, 9th Revision diagnosis codes for rAAA (441.3,
441.5) and by primary procedure Current Procedural
Terminology, 4th Edition (American Medical Association,
Chicago, Ill) codes for EVAR (0078T-81T, 34800-05,
34812-13, and 34825-26) or OSR (35081-2, 35091-92
and 35102-3). Patients with tandem codes for thoracic
and thoracoabdominal aneurysm repairs (22875, 33880-
81, and 33877) were excluded. Patients undergoing
conversion to OSR after an initial EVAR attempt
(34830-32) were included in the EVAR category as an
intention-to-treat analysis.7
Statistical analysis. Differences between surgical spe-
cialty groups were evaluated using the c2 test for categoric
variables and the t-test for continuous variables. The
primary outcome measure was 30-day mortality. Second-
ary outcomes included composite and speciﬁc morbidity,
length of stay, operative time, and intraoperative transfusion.
Bivariate logistic regression was used to assess signiﬁ-
cance of reoperative variables for 30-day mortality and
morbidity. Separate multivariable logistic regression anal-
ysis models were derived for each outcome, adjusting for
all independently predictive preoperative risk factors. All
of the >55 ACS NSQIP risk factors were considered for
inclusion and entered via stepwise regression (P < .05 for
entry, and P > .10 for exit). Surgeon specialization and
EVAR vs OSR repair were then forced into the ﬁnal model.
SAS 9.2 software (SAS Institute Inc, Cary NC) was used
for all analysis. All tests were two sided with an a level
of 0.05.
Trend. To assess if there was any change in the distri-
bution of surgical specialty between years, summary data
were produced for rAAA repair. Annual changes in surgeon
specialization performing rAAA repair and mortality were
established from the data and tested using the two-sided
Cochran-Armitage trend test.
Survival. Survival at 30 days was estimated for both
surgeon specializations with the Kaplan-Meier procedure
for bivariate comparison and with a log-rank test. Survival
was estimated at 1, 5, and 15 days for both groups. To
evaluate for proportional hazards, two tests were per-
formed. First, a graphic test was conducted using the log-
log curve. Second, a goodness-of-ﬁt test was conducted
using the Schoenfeld residuals.14
Subgroup analysis by type of repair. To evaluate for
differences in mortality based on the type of repair, a post
hoc analysis was performed. Bivariate (Fisher exact test)
and multivariable regression models were generated sepa-
rately on patients undergoing EVAR or OSR.
RESULTS
Preoperative and perioperative factors. We identi-
ﬁed 1839 repairs of rAAA between 2005 and 2010, of
which 1258 (68.4%) were OSR. Patients were a meanage of 73.5 6 9.6, and 1399 (76.1%) were male. Vascular
surgeons performed 1767 repairs (96.1%) and general
surgeons performed 72 repairs (3.9%). Table I details the
preoperative risk factors. There were no signiﬁcant differ-
ences between the groups.
Operative duration (vascular, 194.6 6 96 minutes vs
general, 196.0 6 91.1 minutes; P ¼ .9) and intraoperative
transfusion requirements (vascular, 8.5 6 8.2 units vs
general, 9.9 6 8.5 units; P ¼ .2) were similar.
Associated between surgeon specialization and
outcomes for rAAA repair. Overall 30-day mortality was
34.3% (649 of 1893). Unadjusted mortality, return to the
operating room, renal failure, and cardiac complications
were higher in the general surgeon group (Table II). The
other morbidity outcomes were higher in the general
surgeon group, but not signiﬁcantly so. After risk adjust-
ment that included age, sex, and method of repair, the risk
of mortality was signiﬁcantly decreased in the vascular
surgery group (odds ratio [OR], 0.48; 95% conﬁdence
interval [CI], 0.29-0.82; P ¼ .007; Table III). After similar
adjustment, the odds of returning to the operating room
(OR, 0.58; 95% CI, 0.35-0.97; P ¼ .038), renal failure
(OR, 0.54; 95% CI, 0.31-0.95; P ¼ .034), and cardiac
complications (OR, 0.53; 95% CI, 0.28-0.99; P ¼ .047)
were all signiﬁcantly less in the vascular surgery group. The
ORs for other outcomes, including composite morbidity,
were not signiﬁcant (Table IV).
Trends in4 the treatment of rAAA. The annual
trends of distribution of surgeon specialty are shown in
Fig 1. During the 6-year interval, there was no signiﬁcant
difference in the distribution of surgeon specialization
performing the repair (P ¼ .5 by Cochrane-Armitage test)
or mortality (P ¼ .3 by Cochrane-Armitage test).
Survival. Kaplan-Meier survival estimates for rAAA
repair performed by general surgeons were 73.6% at
1 day, 59.7% at 5 days, and 54.2% at 15 days. In contrast,
estimates for rAAA repair by vascular surgeons were 81.0%
at 1 day, 75.7% at 5 days, and 69.9% at 15 days. The differ-
ence was signiﬁcant (P ¼ .002 by log-rank test). Fig 2
displays survival probabilities by surgeon specialization.
Fig 3 shows the log-log curve. Parallel lines indicate
that hazards between the two groups are proportional
over time. This is also suggested by the test of proportional
hazard based on Schoenfeld residuals (P ¼ .7), indicating
there was no failure of the proportional hazards
assumption.
Subgroup analysis by type of repair. In a separate
analysis of 1258 patients undergoing only OSR, 30-day
mortality was decreased in the vascular surgeon group
(37.7% vs 50.94%, P ¼ .053) and was signiﬁcant in the
multivariable analysis (OR, 0.50; 95% CI, 0.27-0.92;
P ¼ .022). In the 581 patients who underwent EVAR,
30-day mortality was signiﬁcantly decreased in the vascular
surgeon group (24.9% vs 47.3%, P ¼ .027), but this rela-
tionship was not signiﬁcant in the multivariable analysis
(OR, 0.49; 95% CI, 0.17-1.39; P ¼ .2), likely due to the
small number (n ¼ 19) of general surgeons performing
EVAR.
Table I. Demographics and select comorbidities in
patients undergoing ruptured abdominal aortic aneurysm
(rAAA) repair by vascular vs general surgeon
Preoperative factora
Vascular
surgeon
(n ¼ 1767)
General
surgeon
(n ¼ 72) Pb
Age, year 73.5 (9.65) 74.2 (8.61) .50
Age by category, years .74
<65 20.5 19.4
65-74 30.6 34.7
75-89 45.6 44.4
$90 3.3 1.4
Male 76.3 77.1 .86
White race 80.6 80.6 .87
BMI >30 kg/m2 21.1 23.6 .61
Smoking 36.4 44.4 .16
History of
COPD 18 25 .13
Angina, MI, or CHF 5.7 6.9 .64
HTN requiring medication 5.6 4.8 .77
Cardiac operation or PCI 24.2 20.8 .51
Peripheral vascular disease 4.8 5.6 .77
Cerebrovascular accident 3.8 2.8 .65
Diabetes mellitus 12.1 12.5 .90
Preoperative renal failure 1.4 2.8 .31
ASA classiﬁcation .12
4 55.9 61.1
5 30.6 36.1
Do not resuscitate status 2.3 1.4 .62
Hematocrit <38% 72.5 70.8 .74
Preoperative
Transfusion >4 U PRBC 9.1 8.3 .82
Albumin <3 g/dL 27.3 17.4 .13
INR >2 7.3 8.3 .74
Ventilation #48 hours surgery 15.9 18.1 .62
Dependent functional status 41.7 42.9 .82
OSR 68.2 73.6 .33
ASA, American Society of Anesthesiologist; BMI, Body mass index; CHF,
congestive heart failure; COPD, chronic obstructive pulmonary disease;
HTN, hypertension; INR, international normalized ratio; MI, myocardial
infarction; OSR, open surgical repair; PCI, percutaneous coronary
intervention; PRBC, packed red blood cells; PVD, peripheral vascular disease.
aAge is shown as the mean (standard deviation) and all other categoric data
are shown as the percentage.
bP values are from a c2 test, except for age, which is from a t-test.
JOURNAL OF VASCULAR SURGERY
592 Hawkins et al September 2014DISCUSSION
This study aimed to determine the difference in out-
comes between patients undergoing rAAA repair by gen-
eral or vascular surgeons. The results demonstrate that
despite having similar preoperative risk proﬁles, patients
operated on by vascular surgeons have decreased 30-day
morbidity and mortality.
Treatment of a patient with an rAAA is a daunting
task. Patients are usually older and with numerous
comorbidities. The 30-day mortality rate remains
abysmal, ranging from 33.7% to 49.8% in contemporary
studies.2-4 This study’s overall mortality of 34.3% is on
the low end but comparable to the analysis by Daven-
port et al4 of the ACS NSQIP database. The operative
repair and postoperative care require expertise and
experience.There is clear evidence that volume in elective AAA
repair is associated with improved outcomes.11 This
improvement in outcomes at high-volume aortic centers
has also been seen for rAAA repair.15 Finally, Maybury
et al16 reported a signiﬁcant decrease in hospital death after
rAAA repair in areas with a higher density of vascular sur-
geons. Current literature supports the notion that “practice
makes perfect” in abdominal aortic work.
One of the strengths of the NSQIP is the ability to risk
adjust for patient characteristics. In the unadjusted analysis,
there are no signiﬁcant differences in preoperative factors
between the general surgery and vascular surgery group.
Included in this analysis are variables such as preoperative
transfusion and preoperative mechanical ventilation, sug-
gesting similar risk proﬁles in each group. In addition,
the use of multivariable regression in the statistical analysis
leads us to be conﬁdent that the mortality difference is not
merely a result of sicker patients in the general surgery
group.
There are conﬂicting reports of mortality beneﬁt in us-
ing an endovascular approach for rAAA.7,9,11,17 In this
study, the use of EVAR by both general and vascular-
trained surgeons was similar, and the regression analysis
showed EVAR was associated with a signiﬁcant decrease
in morbidity and mortality. A subgroup analysis showed
the adjusted mortality difference between surgeons per-
sisted in an OSR-only group. This demonstrates that the
overall mortality difference is not simply driven by superior-
ity in EVAR technique but persists in OSR as well.
Although the data clearly show a survival advantage in
patients operated on by the NSQIP designation of
“vascular surgeon,” careful and deliberate thought is
required to examine what this really means. Survival after
rAAA repair can be attributed to the surgeon’s technical
proﬁciency as well as the larger hospital system of which
the surgeon is but one part.5 Successful rAAA care
requires a coordinated effort between the intensive care
unit, blood bank, nursing staff, and consulting physicians.
It is possible that the patients who were operated on by
general surgeons in our data set were more likely admitted
to rural hospitals that were underequipped to deal with
rAAA patients. Supporting this theory is that although
renal and cardiac morbidity differed signiﬁcantly, no sig-
niﬁcant difference was found in composite morbidity.
The increase in mortality in the general surgery group
could then represent an inability to successfully manage
difﬁcult postoperative complications, a concept known
as failure to rescue.18
The survival analysis in this study also supports the
presumption that the mortality difference is not simply
based on technical success. Increased early mortality in
the general surgery group would be expected with a differ-
ence in technical success. The similarly shaped Kaplan-
Meier survival curves (Fig 2), parallel log-log hazards plot
(Fig 3), and nonsigniﬁcant test of proportional hazard
based on Schoenfeld residuals all indicate that there is no
signiﬁcant difference in the timing of the 30-day mortality
difference.
Table IV. Composite morbidity multivariable logistic
regression model in 1839 patients undergoing repair for
ruptured abdominal aortic aneurysm (rAAA)a
Variable OR (95% CI) Pb
VS vs GS 1.18 (0.69-2.01) .54
EVAR vs OSR 0.48 (0.39-0.60) <.001
Obese 1.44 (1.11-1.87) .005
Age category 0.85 (0.75-0.96) .009
Functional category 1.32 (1.06-1.65) .011
Pneumonia 3.95 (1.05-14.80) .042
Bleeding disorder 1.47 (1.11-1.95) .007
Emergency case 1.83 (1.26-2.65) <.001
No sepsis .013
vs SIRS 0.69 (0.54-0.88)
vs sepsis 1.36 (0.6-3.10)
vs septic shock 1.33 (0.86-2.04)
ASA class 1-3 .001
vs class 4 1.69 (1.22-2.33)
vs class 5 1.56 (1.09-2.22)
ASA, American Society of Anesthesiologists; CI, conﬁdence interval; GS,
general surgeon; OR, odds ratio; OSR, open surgical repair; SIRS, systemic
inﬂammatory response syndrome; VS, vascular surgeon.
aModel c2 P ¼ .74; Hosmer-Lemeshow statistic 10.63, P ¼ .22; C
index ¼ 0.71.
bFrom Wald test.
Table III. Mortality multivariable logistic regression
model in 1839 patients undergoing repair for ruptured
abdominal aortic aneurysm (rAAA)a
Variable OR (95% CI) Pb
VS vs GS 0.48 (0.29-0.82) .007
EVAR vs OSR 0.61 (0.48-0.78) <.001
Age category 0.67 (0.58-0.77) <.001
Smoking 0.63 (0.49-0.81) .001
Functional category 1.49 (1.13-1.88) .001
Albumin <3 g/dL 1.50 (1.13-1.99) .005
Ventilator 2.78 (2.03-3.78) <.001
History of
COPD 1.74 (1.32-2.29) <.001
TIA 2.16 (1.28-22.90) .004
Renal failure 2.61 (1.23-5.51) .012
Paraplegia 5.43 (1.29-22.90) .021
ASA class 1-3 <.001
vs class 4 0.30 (0.18-0.51)
vs class 5 0.12 (0.07-0.21)
ASA, American Society of Anesthesiologists; CI, conﬁdence interval;
COPD, chronic obstructive pulmonary disease; EVAR, endovascular
aneurysm repair; GS, general surgeon; OR, odds ratio; OSR, open surgical
repair; TIA, transient ischemic attack; VS, vascular surgeon.
aModel c2 P ¼ .230, Hosmer-Lemeshow statistic 10.25, P ¼ .248;
C index ¼ 0.78.
bFrom Wald Test.
Table II. Unadjusted and risk-adjusted outcomes by specialization of surgeon with ruptured abdominal aortic aneurysm
(rAAA)
Thirty-day outcome (%)
Unadjusted Risk adjusted
Vascular surgeon
(n ¼ 1767)
General surgeon
(n ¼ 72) Pa
Risk adjusted OR (95% CI)
PbVascular surgeon vs general surgeon
Thirty-day mortality 33.7 50.0 .004c 0.48 (0.29-0.82) .007c
Composite morbidityd 59.3 63.9 .44 0.84 (0.49-1.42) .51
Return to operating room 21.6 31.9 .038c 0.58 (0.35-0.97) .038c
Renal insufﬁciency or failure 17.0 26.4 .038c 0.54 (0.31-0.95) .034c
Cardiac arrest or infarction 10.0 18.06 .028c 0.53 (0.28-0.99) .046c
Pulmonary adverse evente 41.4 51.4 .09 0.66 (0.40-1.08) .01
Sepsis/septic shock 19.4 26.4 .14 0.63 (0.36-1.10) .10
Surgical site infectionf 4.5 5.6 .66 0.77 (0.27-2.19) .623
Nervous system adverse eventg 3.1 6.9 .07 0.42 (0.16-1.09) .07
CI, Conﬁdence interval; OR, odds ratio.
aFrom c2 test.
bFrom Wald test.
cDenotes a statistically signiﬁcant ﬁnding.
dComposite morbidity included patients experiencing one or more of 21 adverse events uniformly deﬁned by the National Surgical Quality Improvement
Project (NSQIP) protocol.
ePulmonary adverse events included any or all of postoperative pneumonia, unplanned reintubation, pulmonary embolism, or ventilation >48 hours.
fSurgical site infection included superﬁcial, deep, or organ/space surgical site infections.
gNervous system adverse events included any or all of peripheral nerve injury with neurologic deﬁcit, stroke with neurological deﬁcit, coma >24 hours.
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far from simple. Valentine et al19 describe how younger
general surgeons are already performing fewer vascular
surgery procedures and that there is a national trend in
vascular procedures shifting from general surgeons to
vascular surgeons. Furthermore, the increase in workload
for younger vascular surgeons suggests a limited capacityto absorb the excess cases from general surgeons who are
no longer performing vascular procedures. The trend
test of this study’s data (Fig 1) indicates no change in
the proportion of general surgeons performing these
repairs from 2005 to 2010, although this is a narrow
time frame and NSQIP does not represent a true
national sample. The data in this cohort concur with
the above ﬁndings of a shift in care and indicate an
Fig 1. Annual trends in distribution of ruptured abdominal aortic aneurysm (rAAA) repair by general (solid line) and
vascular surgeons (dashed line) and 30-day mortality.
Fig 2. Survival curves are shown for vascular (dashed line) and general (solid line) surgical specialization, with crosses
indicating censoring for the respective surgical specialty.
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performing these operations.
This suggests that there is sparse leverage with which to
affect change. Increasing access for patients with a rAAA to
a vascular surgeon through improved transportation or
greater dissemination of vascular surgeons would require
major and expensive changes to the current health care
system. A cost-beneﬁt analysis is needed to better weigh
the utility of improving access to a vascular surgeon.In addition, it is not difﬁcult to imagine a scenario where
a general surgeon is faced with an unstable rAAA patient for
whom transfer is not an option. In these cases, the issue
becomes one of prevention of rupture in the ﬁrst place.
Increased AAA screening, medical treatment, and
enhancing access to elective AAA repair are key components
to reducing overall AAA mortality. Several studies have
shown that AAA screening programs in rural or underserved
areas can be successful and cost-effective.20,21 By preventing
Fig 3. Log-log survival plot for 30-day mortality by general (solid line) and vascular (dashed line) surgical specialty.
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ence in mortality by surgeon specialization becomes moot.
A major disadvantage of an epidemiologic study of
rAAA is the inability to control for important confounders.
Owing to its detailed, prospective nature, ACS NSQIP has
a signiﬁcant advantage in risk stratiﬁcation over administra-
tive databases. However, certain important preoperative
and intraoperative risk factors, such as hemodynamics,
anatomical location of the aneurysm, previous aortic sur-
gery, or type of endograft, are not available. In addition,
no hospital or surgeon information is known. Generaliz-
ability is an issue, because the hospitals participating in
ACS NSQIP may not reﬂect the general U.S. population.
Finally, the data only allow for 30-day outcome measures.
Durability of repair is an important long-term issue that is
not able to be assessed.
The conclusions in this study are only as strong as
ability of the NSQIP to categorize general vs vascular sur-
geons. NSQIP records the surgical specialty of the primary
surgeon performing the procedure; thus, it is possible that
a vascular surgeon could have assisted the primary general
surgeon. Also, because general surgeons are performing
EVAR, they have clearly had some training in endovascular
techniques. Even so, there is such a signiﬁcant difference in
mortality between the two groups that the discussion
should be focused on how they differ rather than if they
do indeed differ.
CONCLUSIONS
Despite similar preoperative risk factors proﬁles,
patients in the ACS NSQIP database who were operated
on by vascular surgeons rather than by general surgeons
had decreased mortality, less frequent returns to the oper-
ating room, and decreased incidences of postoperativerenal failure and cardiac events. Examination with the abil-
ity to further assess hospital and surgeon volume, as well
detailed surgeon training information, are necessary to
further investigate this issue. These data add weight to
the case for further centralization of vascular services.AUTHOR CONTRIBUTIONS
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